Physiotherapists use red flags to screen for serious pathology. Paediatric osteosarcoma is a rare disease, occurring predominantly in the area of the knee and shoulder, and it is not always included by physiotherapists on a differential diagnosis list. Traditional red flags do not always correspond to the initial signs and symptoms of osteosarcoma. Physiotherapists should routinely palpate along the length of the bone to detect a potential mass. The detection of a mass or symptoms that do not follow the expected course indicates the need for reassessment and possibly referral for further investigation.
CLINICAL CASE
A 15-year-old girl was referred to physiotherapy with a diagnosis of shin splints (medial tibial stress syndrome, or MTSS) by her general practitioner (GP); she reported a 6-month history of left shin pain after starting rugby. Information from her chart is presented with informed patient assent and parental consent.
The client's initial subjective complaints were of constant left ankle and shin pain (which she rated as averaging 2/10 on the numeric rating pain scale [NRPS] ). She reported this pain occasionally worsened through the day (NRPS ¼ 8/10) without identified aggravating factors. Her history included pain with weight bearing, but no history of weight loss or changes in bowel or bladder function.
The therapist's objective findings of the client's affected extremity were swelling of ankle and shin; excessive pronation of the left ankle-foot relative to the right; decreased and painful active and passive movement of ankle dorsi and plantar flexion; and full painful active and passive inversion and eversion of her ankle-foot complex. Manual strength testing was painful and graded 4/5 for all ankle muscles tested. The client had palpable tenderness of the tibialis anterior and posterior, peroneus brevis and longus, and calcaneal fibular ligament. Ligament stress tests and ankle stability testing were not completed because of irritability.
The therapist initiated treatment consisting of ankle range of motion exercises, ice with elevation, ultrasound, and interferential current. The client was followed twice weekly and was noted to have an antalgic gait pattern at her second appointment. Taping of her shin and foot intrinsic muscle strengthening exercises were initiated at that time. During her fifth appointment, she reported decreased pain and good adherence to her home exercise programme; however, the therapist noted that there was an increase in local temperature. Treatment provided by the therapist at this time was soft tissue massage and transcutaneous electrical stimulation. During the client's final appointment (6 wk after initiation of treatment, 8 appointments in total), she was reporting increased pain, and tenderness on palpation and swelling of her shin continued.
The client then presented again to her GP, who ordered plain radiographs that revealed a destructive lesion (see Figures 1 and 2) . She was referred to British Columbia Children's Hospital for further investigations (see Figure  3) , and open biopsy confirmed a diagnosis of localized osteosarcoma.
CLINICAL QUESTION
There are approximately 1,500 new paediatric cancer diagnoses in Canada each year. 1 Osteosarcoma is the most common malignant bone tumour, with an incidence of 4.4 per million; 2 it occurs most frequently in the long bones, particularly in the distal femur or proximal tibia (60%) and the proximal humerus (9%). 3 The distal tibia accounts for 20% of tibial lesions. 4 Although bone tumours of this type can occur at any age, approximately 30% occur in people younger than age 20 years. 3, 5, 6 Red flags commonly associated with a diagnosis of cancer are pallor, fever, malaise, recurrent infections, weight loss, night sweats, pain that is unchanged with rest or change in position, nighttime pain, and pain that does not diminish with nonsteroidal anti-inflammatory medications (NSAIDs). 7, 8 Red flags associated with paediatric orthopaedic cancers are limp or refusal to walk and bone pain, which are associated with the following clinical characteristics: pain that wakes the child at night, lasts more than 2 weeks, is localized, is associated with swelling or deformity, and does not improve with NSAIDs and any palpable mass of recent origin that is located deep in the fascia; is non-tender, firm, and more than 2 centimeters in diameter; or is associated with regional lymphadenopathy or neurological signs. 7 The clinical question asked was ''Do traditional red flags used to screen for serious pathology rule out a potential diagnosis of osteosarcoma in the paediatric population?'' EVIDENCE A literature search on the presenting signs and symptoms of osteosarcoma was completed using CINAHL, PubMed, and MEDLINE using the following search terms: osteosarcoma OR osteogenic sarcoma AND (red flags OR clinical presentation OR presentation OR symptoms OR history; limited to English, full text, all child, 2000-current). The search identified 58 articles; the abstracts were reviewed to identify those relevant to the topic, and the identified articles' references were also searched. A total of 4 articles describing the presenting signs and symptoms related to this patient group were located and serve as the basis for this case report. [9] [10] [11] [12] The majority of patients in all four studies sought medical advice for symptoms of pain or pain with a mass (see Table 1 ). Details of pain history highlighted findings inconsistent with previously identified red flags associated with cancer. 7 Three of the included studies found that only 20%-37% of patients reported nighttime pain, 9,10,12 and one reported that as many as 50% of patients could relate the onset of pain to some form of trauma (reported as relatively minor or associated with sporting activities). 10 Antalgic gait pattern was a consistent finding in patients with osteosarcoma: Widhe and Widhe 10 and Pan and colleagues 12 found that one-third to two-thirds of their patient groups had a limp. Interestingly, Pan and colleagues 12 reported that one-third of their patients had a non-painful limp.
Systemic signs and symptoms such as fever and weight loss are routinely used in determining referral to a physician, but the studies reviewed did not find these red flags useful in screening for a potential diagnosis of osteosarcoma in adolescents. Widhe and Widhe 10 identified fever in only 3% of their patient group.
Palpable mass or swelling was a frequently reported symptom. Yang and colleagues 11 reported this symptom in 76% of their patients, and Pan and colleagues 12 reported swelling becoming noticeable at a mean of 7 weeks after the onset of pain in 93% of their patient group. In contrast, both Sneppen and Hansen 9 and Widhe and Widhe 11 reported that fewer than 40% had swelling. In a systematic review examining delays in diagnosis of all paediatric cancers, Brasme and colleagues 13 reported that time to diagnosis was significantly longer in older children (relative to younger children) and in children who reported pain without other symptoms such as swelling. This finding may indicate that younger children are more closely monitored by their parents, that parental advocacy occurs more frequently during younger children's medical appointments, or both.
Pain or tenderness-and, infrequently, swelling-of the medial and distal tibia are also common symptoms associated with MTSS. Pain associated with MTSS may be intermittent and is not typically provoked by ankle or foot motion. In chronic stages, pain may be aggravated by low levels of activity and may occur at rest. 14 In patients subsequently diagnosed with osteosarcoma, the most common misdiagnosis was tendinitis (31%). 10 NSAID medication was prescribed for 20% of patients misdiagnosed with tendinitis. Commonly, a person diagnosed with an injury related to sports or trauma may be asked to rest or limit activity and may be prescribed an NSAID. 14 This treatment approach may initially decrease pain. 
LIMITATIONS OF THE EVIDENCE
The literature identified relied on historical data extracted from health records and thus depended on the effectiveness of history taking and patient reporting. Pan and colleagues 12 also conducted in-person interviews with patients with tumours around the knee joint at the time of diagnosis, and their findings may therefore be influenced by recall error or bias. The studies used differing terminology, which makes direct comparison of findings difficult. However, there does appear to be enough consistency in presenting symptoms to indicate that any differential diagnosis list for pain about the knee should include bone tumour.
RECOMMENDATION FOR CLINICAL QUESTION
Bone cancer is relatively rare, and therefore physiotherapists do not always consider bone tumour as a possible differential diagnosis. The signs and symptoms identified in lists of red flags are not always present and do not eliminate the potential diagnosis of malignancy. Bone tumour should be included in any differential diagnosis list for child and adolescent patients reporting shoulder, knee, or shin pain. [14] [15] [16] Palpation along the length of long bones to detect a potential mass should be a routine part of physical examination completed by physiotherapists, and the detection of a mass or symptoms that do not follow the expected course should trigger reassessment and possibly referral for further investigation. Although potential silos in the literature make it difficult for clinicians to remain up to date on signs and symptoms of rare diseases, it is imperative for physiotherapists to be aware of less common diseases and their presentations.
